A File System Based on Concept Analysis by Ferré, Sébastien & Ridoux, Olivier
HAL Id: inria-00072708
https://hal.inria.fr/inria-00072708
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
A File System Based on Concept Analysis
Sébastien Ferré, Olivier Ridoux
To cite this version:
Sébastien Ferré, Olivier Ridoux. A File System Based on Concept Analysis. [Research Report] RR-









   



















ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A File System Based on Concept Analysis






















Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71
  )	T  B%J
	%  wq	T % q "!G
     adk]lZ{QtuY=lnS1[+fuad[]lgkQ[ lnm|lwfuP1RTSTy|Sq/e}OQ\^S=tulZy|a;[;f¢_ a;tnc+hi[Q\jlnhifn\bad[ÄS<lwfZ¨ad[]yQY1STlkQtZ_ hd[]hi_bm|lS
y|Sead[¦eS1{Qful













y|S¿ead[¦eS1{QfulJ¨a;tnRTS1_jl=¤  adk]l-{]tnY<lS=[;fuad[]lJk][QSadtuc;hd[Q\jlnhifn\bad[r+kQ\¦{¦S=tnRTS1f@kQ[QS\bRT{Q_^Y=RTS1[+fuhifn\bad[SÀ©e=hdeSy kQ[TfuS1_/lm|lfnP1RTS
y|S¢/e}OQ\^S=tule1ad[]e1S1{|fukQS1_C¤
 ~È = Æ "!   lnm|lwfuP1RTS=lyQS¿/e}OQ\^S=tul=¹Qhi[¦hi_bmolnS¢y|Sea;[]eS={|f=¹|\b[+fnS1tutuadc;hifn\bad[¹+[]h3o\bc;hfu\^a;[¹o_^a;cd\jr+kQSd¤











hd[]y RThd\^[+f}hi\b[QS=y Rhi[ok]hd_^_bmd¤  h3o\^c+hfn\b[Qc%\^RT{Q_b\bS=l[]aifn\bad[¦l¢ai »/²^±;º}¶¹p¦S=\^[]c \^[ hB{Q_jhde1Sd¹hi[]y cda;\^[]c%\b[ hi[QadfnOQS=t{Q_jhde1Sd¤























O]h3dS¢p/S1S1[B{Qtuad{/a;lnS=yG\^[%fuOQSy|adRhd\^[%ai]_^Slnm|lwfuS1Rl 5 ¾-Á"8]S;¤ c¦¤^¹



















L M J %"!#  q&	)
¾]adtuRThd_ ad[¦eS1{Qf[]hd_^m|ln\bl 5 ¾ N@ W  ; FO8`O]hdlqtnS<eS1\bdS<y hiffuS1[+fn\bad[ ¨a;t\§f}lqhd{Q{Q_b\be=hfn\bad[ \b[ RThd[om y|a;Rhi\b[]llnk]e}O hdl
tuS1{QtuS=lnS1[+fu\^[QcfnO]SZRTa|y|kQ_jhitlfntuk]efnkQtuS¿adlnai fw"hituSP@ Áo[QS<RQF·¹|[]h3o\bc;hfu\^[]cq\b[Blnai fw"hituS¿yQaoe1kQRTS1[+fuhifn\bad[S@ x)\^[]>T F·¹Qlad fw hdtnS
S=[Qcd\b[QS1S=tn\b[QcU@ VÁ|i7FC¹-hi[¦y lnS1;S1t}hi_@hd{Q{Q_b\be=hfu\^a;[]l`\b[ Áoa|e\jhi_Á|e1\^S=[]eS<l1¤ÄN"OQSG\^[+fnS=tnS<lwfai¾ ¬h;lhÄ[]h3o\bc;hifn\bad[ fnaoad_\^[
c;S1[QS=tuhd_/O¦hdlhi_jlna
p/S1S=[BtnS<eadc;[Q\b1S=yW@ WC%gdFC¤




fuOQSRTS1tuS{QtnS<lS=[]eSXhdp]lS=[]eSaihfnfntu\^pQkQfnS=l=¤©¾Qa;t`\^[¦lwf}hi[]e1Sd¹)Rhd[+m hi{Q{Q_b\je1hfu\^a;[ yQadRhi\b[]l¢k]lnS[okQRTS1tu\be=hi_-hi_bkQS=l 5 Sd¤ c]¤b¹
_bS1[QcdfnO]l=¹{Qtu\be1S=l=¹hicdS<l8¹/hd[]yÄfuOQS
[QS1S<yÄfnaS+|{QtuS=lulg[]S1c;hifn\bad[ hd[]yy|\jlEvwkQ[]e&fu\^a;[\jlZai fnS=[ ¨S=_§f<¤ÁoS1;S1t}hi_S1[Qtu\be}O]R
S=[+fulgfna
fuOQSghfnfntu\^p]k|fnSglfntuk]efnkQtuSO]h3dSp/S1S=[{Qtuad{/a;lnS=y<S;¤ c¦¤^¹;Rhi[omqhi_bkQS<yhffutn\bpQk|fuS=l:@ W  d7FC¹ohi[¦yq¦tulf¡·adt}y|S1tJfuS1tuRl:@ %RQ F·¤
0gaS=dS1t<¹Q[QadfZh©ln\b[Qcd_bSS+ofuS1[]y|S<y ¾ ¨tuhdR
S=a;tn«%ea;S1t}lhi_b_fnO]Sea;[]etuSfuSqy|a;RThd\^[¦l1¹/hi[]y e=hi[Ä{QtuSfuS1[]yÄe1adS=tn\b[Qchi_b_
fuOQSe1ad[]e1tnS1fnS`y|adRhd\^[]lfna©e1adRTSd¤  Sqk]lnShi[ÄS3+ fuS1[]ln\bad[Bai9¾ fnO]hif¿hi_b_^al¨adt¨kQ_b_bm%hdp]lwfutuh;e&fu\^[QcT¨tuadR#fnOQSqadp|vwS<e&f
y|S<lne1tn\b{|fu\^a;[q_jhi[Qc;k]hic;S@ ¾Jz;F·¤Y¼[qfnOQS"tuS=lfad]fnO]\blJhitnfn\je_bSd¹ S \^_b_otnS1¨S1tfnaZp¦adfnOqfnOQS"adtu\bcd\b[]hi_;¨adtuR ai/e1ad[]e1S1{|f-hi[¦hi_bmoln\jl1¹
hd[]yfnaT\§f}lS+ofuS1[]y|S<y¨adtuR#hdlx)adcd\je1hd_)ad[]e1S1{|f[¦hi_bmoln\jl 5 x Z8&¤
[]\#^ _P`badc#egfihjeg`dklm<n]lofpkrqtsufphv`dc#wUeg`dkrkrmAexl"cv`dk
y%Ã>zK{K|  |EÈx{~}o  Èx{  Ã>   _^a;cd\je1hi_/¨a;tnRhi_e1ad[+fnS3+ofPj½q±µC¯ »/²^¶j*vY]¶¯u¶





½2<»/¯n¶1°j2|° j½ 	 ±i´x$&YQ®½¶  ´9°j2|° j½ 	  $;¶´L®µ¼¶&½T±G²b®#REº-YQ®½1¶
$d¶ $2]º1µE®´¯u¶²^±iµE®i´Sj½ 	   ±´g$ Y]®3½1¶-$j½2|´/º1µO¶
±´x$%º}®´2|´/º1µO¶®}»Q¶1¯n±iµE®i´Q½q±¯n¶q¯n¶½C»Q¶}º1µO¶²4 	 ±´g$ 	 
  *j½q±©°T±}»d»x ´ }¯n®°  µ·®J~µO]±µ±3½}½1®=º3E±µ¼¶½µ·®¶u±;º®R!1¶}ºµ± ®i¯&° 2|²b±©µGQ±iµ$d¶½1º¯ !}¶½J µ
WZ\bdS=[ h¨adtuRhi_9e1ad[+fnS3+ f<¹ad[]STe=hi[ ¨adtuR hÄW¢hi_bad\jl¢ea;[Q[QS=efn\bad[ p¦S1fwS=S1[ lnSful¢ada;p|vwS=eful 5 S3+ofnS1[+f}l8¢hd[]y ¨a;tnRkQ_jhdl
5 \^[+fnS=[+ful 8 \§fuOfw ahi{Q{]_^\je1hifn\bad[]l hi[]y¤
y%Ã>zK{K|  |EÈx{¶µ]*vP!}¶
±²^®REºu±i²º}®´¦µ·¶u¸;µ
 "!"#%$ r&p(')  	*,+.-0/ 17 ±i´x$237%$4!"#5'(6< 87 1:9    (17	  6<;
=*  ?> ! ÃA@ N"OQS




e1ad[+fnS3+ofB DHF pom  DGF JI DGF ¹OQS1tuS DGF K7L JMgONP; ¹Lhi[¦y OQS=tnSRThd{Q{Q\b[Qc DHF \jl
y|S1][QS<y%h;l 7  LQ$SRTM Q$VUN Q$XW  R  UY; ¤
[]\[ _P`badc#egfihjeg`dk*egmCZl"w
¼[%fnO]\bllnS=efn\bad[¹| S¢{QtuS=lnS1[+fOQa ¨a;tnRhi_e1ad[]e1S1{|f}le1hd[p/S`S+ofnt}hdefnS<y©¨tuadR¬_badc;\be=hi_ea;[+fnS+of}l1¤
y%Ã>zK{K|  |EÈx{\[u  Èx{  Ã > ] ´ ±ºu®i´]µ¼¶n¸;µ]*v ±%e1ad[]e1S1{|fjj½±Z»]± ¯W  ('j6<JY]¶¯u¶&'_^ ` ±´g$:6a9 5@½ 2]º 
µGQ±iµbpc' 	 6 ±i´x$d'c6<  '`egQ¶q½1¶1µ ® ®R!1¶uº1µ5½5' j½`µGQ¶
º}®´/º}¶¼»/µS3+ofnS1[+fgfih Lkj W3GlmbY]¶¯u¶u±½®¯&°j2|²^±n6 j½ µ5½\^[+fuS1[+ff o j W3Gl0








  È > È  |  |EÈx{ } c'&wx60w3)r
t:c'
z9x6{z|~ (60w 	  6{z
gS1][Q\^fn\bad[]lg
hd[]y%T_^S<hdyGfnaTfnO]S¢¨ad_b_^a\b[Qc  2|´x$d±i°T¶1´]µ¼±²)µO]¶u®i¯n¶1°¤
 ÃoÈ  Ã  }¶µj*vS!}¶ ± º}®´¦µ·¶u¸;µ±´g$ ²^¶1µ: !}¶ ± ½1¶1µT®   ´x$Eº}¶½egQ¶ ®¯#$;¶¯u¶$ ½1¶µ  pb*vYr t  j½ ±
º}®°g»/²b¶µ¼¶B²^±iµ5µEº}¶YYQ®½1¶%½2<»/¯n¶1° 2|°f·²^¶}±3½&µ2<»;»Q¶1¯!}®2|´g$l ±i´x$  ´@° 2|°fGi¯u¶u±iµ·¶½&µ`²^®@¶1¯!}®72|´x$l ®u»]¶¯n±iµE®i´Q½Ä±¯n¶Ä±½
®i² ²^®J½3*
 -"
t ('  x6    t T'p0 -" '  #
	*
 -" 6  ±´x$ -"
t ('  6    t 0 -" '  OpT'
	 -" 6  #
=*  ?> ! ÃA@ ¾\bcdk]tnS d¤ 5 h>8`tuS1{QtuS=lnS1[+fulqfnO]S 0¿hdlulS%y|\jhicdt}hiR ai¿fnOQSBea;[]eS={|fT_bhiffn\jeS%aiZead[+fuS+ofBDGF 5 \^[+futna|y|k]e1S=y \^[p+QhdR
{]_^STU|¤b8&¤¢ad[]e1S1{|f}lghituS`tuS1{QtuS=lnS1[+fnS<yBpom%h[okQRp¦S=tZhd[]yÄhp/a + ead[+f}hi\b[Q\^[]cTfnOQS=\^tZS+ofnS=[+fgad[ÄfuOQSq_bS f<¹hi[]y%fuOQS1\bt
\b[+fnS1[+fad[fnO]SZtu\bcdO+f=¤-N"OQSZOQ\bcdOQS=t"e1ad[]e1S1{|f}lhituSg{Q_jhde1S=y\^[fnO]S¢yQ\bhdcdt}hiR¥fnOQS¢c;tnS<hfnS=t@fuOQS1mhituSg¨a;t a;tuyQS1t&r
t1¤i·fe1hd[p/S
a;p]lS=tn;S=yfnO¦hffuOQSe1ad[]e1S1{|fg_jhfnfn\jeS\jl[]aif¿\jlnadRTadtu{QOQ\jeZfnafuOQS{/aS=t¡¼lnSf_jhffu\be1Sai-a;p|vwS=eful  ! # ^  ¤¤ c¦¤^¹]fnOQS
lS1fgai
a;p|vwS=eful 7L JMA;`\bl[Qaif"fnO]S`S+ofnS=[;fadhTea;[]eS={|f=¹]p¦S<e1hik¦lS'p 7L JMA; #  '(R  U 87L JMgONP; ¤
[]\c _PfmAhh#cka `3S`kregmCZrl _JfKll"cegmAw
·f\jl"{¦a+lnln\bpQ_^SZfua_bhdp¦S=_ead[¦eS1{Qf"_jhfnfn\jeS<l\§fuOa;p|vwS=efulhd[]y¨adtuRqkQ_jhdl=¹opQk|f\b[fuOQS¢\^[Q¨adtuRThifn\bad[Blm|lfnS=R#ea;[;fuS+ofS`hdtnS
Rhi\b[Q_bmG\b[+fnS1tuS=lfnS<yG\b[B_bhdp¦S=_^_b\b[Qcead[¦eS1{Qful"\^fnO%¨adtuRqkQ_jhdl+¨adtuRqkQ_jhdlhdtnS¢hTRTS=hd[]l ¨adttuSfutn\bS1o\b[Qca;p|vwS=eful=¤











x z ya c b
a \/ c b \/ c
a \/ b







c /\ (a \/ b) ba









 Ã    })¶1µ  #r#/j!}¶q±%º}®´]µ¼¶u¸dµ(@±´g$1:9 `<6a9&
<W&9Epb*vflW&r t bc6<|~ o j W3	  6 f.lduj½¢½ 2|¯1¶}º1µO¶fYldb co j (W3  t W f{lo j Tb(6<#	  6 
x)S1RTRh ;¤ 5 8lOQalqfnO¦hfb(6<\blfuOQSc;tnS<hfuS=lf




RhGd¤ 5 98lnOQal9fuO]hf"S1;S1tumead[¦eS1{Qf\jl_jhip/S1_b_bS=y©pom\^ful \b[;fuS1[+f|hd[]yGx)S1RTRhG;¤ 5 >89h;yQyQlfnO¦hf
S=dS1tum¨a;tnRkQ_bh_jhip/S1_b_^\b[Qchea;[]eS={|f\bl"_badc;\be=hi_b_^m©S=[+fuhi\b_bS=yp+m©fnOQSe1ad[]e1S1{|f\b[;fuS1[+f=¤
=*  ?> ! ÃA@ ¾\bcdk]tnS;¤ 5 p 8-tuS1{]tnS<lS=[;f}lJfnO]S¿luhiRTSgea;[]eS={|f@_jhfnfn\jeS¿h;l9¾\^c;kQtuSd¤ 5 h>8&¹+pQk|f\^f yQa+S<l9[Qadf h;lnlna|e\jhfnS"fuOQS¿luhiRTS
\b[|¨adtuRhfu\^a;[ fua ead[¦eS1{Qful=¤ N"O]S%[okQRp¦S=t©aiZS=h;e}Oe1ad[]e1S1{|f\jltnS=k]lnS=y \b[ \§f}lp/a + la h;l
fna \byQS1[+fn\^¨m \^fa;p|vwS=efulhdtnS
{Q_jhde1S=y a;[ fnO]S_bS fTaifuOQS1\bt_jhip/S1_b_bS=y e1ad[]e1S1{|f<¹9hi[]y ¨adtuRqkQ_jhdlhituS©{Q_jhdeS<y ad[ fnOQStn\bcdO+fadfnOQSBea;[]eS={|fqfuOQS1m _jhip/S1_C¤
¾]adt
\^[]lfuhd[]eS;¹9ea;[]eS={|f






\bl¢hG][Q\^fnST[okQRqp/S1t¢ad ea;[]eS={|ful=¤  adfnSfnO]hif`[Qad[|¡·S=r+kQ\bhi_bS1[+fg¨a;tnRkQ_jhdl
Rh3m©_jhip/S1_\jy|S1[+fu\be=hi_ea;[]eS={|fulJSd¤ c]¤b¹|p¦adfnO%¨adtuRqk]_bh;lyR  U¿hi[]ygR  U  W¿_bhdp¦S=_ea;[]eS={|fQ¤@Áo\bRT\^_jhitu_^m;¹|p¦adfnO¨adtuRqkQ_jhdl)W





5 S+ofnS=[;f¢ai@fnOQSTea;[]eS={|f 8¹hi[]yÄ_b\b[Q«|lZhdtnSead[¦etuSfn\b1S<yÄpomÄcdS=[QS1t}hi_b\^<hfu\^a;[xXln{¦S<e\jhi_b\^<hfu\^a;[tuS1_jhfu\^a;[]lp/Sfw S1S=[ ea;[]eS={|ful=¤
¾]adt9r+kQS1tumo\^[]c]¹de1ad[]e1S1{|f}l-hituS"yQS=ln\^c;[]hfuS=y Xihde1e1S=lulS<y`pomqh¢r+kQS1tumk]ln\^[]c¢fnOQS_jhip/S1_b_^\b[QcZ¨kQ[]efn\bad[-¹;hd[]yfnOQS=\^t-S3+ofnS1[+f}lJ¨adtuR
fuOQSghi[¦l S1t<¤Y( S=e=hik]lnSea;[]eS={|ful-lnS1tudShf-fuOQSluhiRTS fn\bR
S¿hdl-y|\btnS<e&fuadtu\^S<l-hi[]yThdl-r+kQS=tn\bS=l=¹i\^f@\jl-{¦a+lnln\bpQ_^S fuaeadRpQ\b[QSp¦adfnO







  	 -  !  % ¢q 	 %"!% 
 S`{QtuS=lnS1[+fha;[]eS={|fnk¦hi_¾\^_bSqÁom|lfnS1R 5  ¾-Á"8fuOQtna;kQcdOfnO]S`k]lS`adh©ad[¦eS1{Qfnk]hd_)ÁoOQS1_b_ 5 "Á"8&¤Zhf}h%e1ad[]lfn\^fnkQfnS©h%¨adtuRhi_9e1ad[+fnS3+ fB    #rv¹OQS=tnS-\jl¢fuOQSRhi{Q{Q\b[QcBfuO]hfqh;lnlna|e\jhfnS<l¿fnaÄS1;S1tumÄadp|vwS<e&fqh
_badc;\be=hi_Jy|S=luetu\^{Qfn\bad[ad@\^fulZ{Qtuad{/S1tnfn\bS=lZhi[]y ¨S=hfukQtuS=l=¤"Áe1adRTRhi[]yQlZhituSfuOQa;lnS
ai9fuOQS ,  /. lnOQS1_b_C¹tnS=\^[+fnS=tn{]tnS1fnS=y \^[





V fuOQSGº}®´Lºu¶¼»/µ® 56\jl fnOQSe1ad[]e1S1{|fhdlulnaoe1\bhifnS<y©fua`6 pom©fnO]SZ_jhip/S1_b_b\^[QcRhd{Q{Q\b[Qc 5 lS=S¿S¦[Q\§fu\^a;[ TR8&¹]\5¤ Sd¤b¹ b(6<¹




6 \jl"fnOQSqadp|vwS<e&f=¹]\§-\^fgS+|\jlwf}l1¹QO]a;lnSy|S=luetu\^{Qfn\bad[B\blºu®i´]µ¼¶n¸;µ2]±² ² 4GS=r+kQ\b3hd_^S=[+ffnaE6 5 \^fg\jllk]{Q{¦a+lS<yfna
p/S©kQ[Q\jr+kQSTfna h3;ad\jy h;e1e1S=lul`hiRqp]\^c;kQ\§fu\^S<l8.6 lnS1tudS=l`h;l`h º}®´]µ¼¶u¸dµ2]±² =¶ $ $;¶&½1º1¯ »/µE®´ ai fnO]\bl`a;p|vwS=ef-hi[ a;p|vwS=efqe1hi[





S=lfuhdpQ_b\blnOQ\b[Qchi[Ghd[]hi_badc;mp/Sfw S1S1[TfuS1tuRl@\b[TfnOQSZ,  /.8lnOQS1_b_
hd[]yfnS1tuRl"\^[%fuOQSad[]e1S1{|fuk]hi_)Á|OQS1_b_





tuaoaif ¨adtuRqk]_bh 	 X<fuOQSea;[]eS={|fai 	
 adtu«o\^[QcTy|\btnS<e&fuadtum  adtu«+\b[QcTr+kQS1tumEXea;[]eS={|f
ÇqÈ  | { É |  Ã d È  Å  ·f\jltuS1{]_bh;eS=yGpomGhlfuh;e}«ai¨adtuRqkQ_jhdl"ea;tntuS=ln{/ad[]y|\b[Qc`fua
fnOQST´/±7+±µE®´ j½&µ¼®¯4¤@N"O]S¿OQS<hdy
aifnOQ\jllfuhde}«lS=tn;S=l"hdl fuOQS @®¯7 ´>12]¶1¯4¹QOQ\je}OB\bl"[]aifnS<y
	o¤







lwfutnk¦e&fnk]tnS¢\jl"[QaifghfntuS1S 5 fnOQ\jlea;RTRThd[]y%\bl"\b[%Ehdefgl\bRT\^_jhit fna©e1adRTRhi[]yT#( h;e}«;£g\^[  S1pBpQtualS=tul 8&¤
 j 1  x)Sf)k¦l[QaifuS j 17/fnO]Sea;RqpQ\b[]hifn\bad[ 5 S<lnlnS1[+fn\jhi_b_bm¿hea;[vwkQ[]efn\bad[ 8ai j 1"\§fuO	o¤JN"OQ\blea;R
Rhd[]yZ{Qk]lnOQS=l j 17\^[
fnOQS[¦h3+\bc;hifn\bad[OQ\blfna;tnm;¹ihi[]y`RTadS=lw£@\b[;fuaZfnOQSe1ad[]e1S1{|f9ad j 17&¤-N"OQSea;RT{¦a+l\^fn\bad[/_^S<h3dS=la;{¦S=[fuOQS{/a;lul\bpQ\b_^\^fwm
ai9h[Qadfuhifn\bad[BfnO¦hfZyQ\blfn\b[Qcdk]\blnOQS=lq¯n¶1²^±µO3¶¨a;tnRkQ_jhdl=¹QOQ\je}OhituSea;RqpQ\b[QS=yB\^fnO	 5 S;¤ c¦¤^¹	   	 	 j 178&¹Lhi[]y
±R!½1®² 2|µ¼¶¨a;tnRkQ_jhdl=¹OQ\be}OhdtnS"[Qadf@eadRpQ\b[QS=y
\^fnO	 5 S;¤ c¦¤^¹	  j 178&¤-N"OQ\jl-\^RT{Q_bS1RTS=[;f}lJfnO]Swc;ad\b[QcZ\^[+fnalnadRTS
{Q_jhdeS£Z{]hdtfad[]h3o\bc;hfu\^a;[¤




 5 e1adRT{Q_bSfnS=[QS=lulea;[]y|\^fn\bad[ 8¤9N"OQ\jl"\^RT{Q_bS1RTS1[+f}l"fnOQSg_ba+a;«o\^[Qc
\b[;fua©h
{Q_bh;eS£¿{]hitnfaiJ[]h3o\^c+hfu\^a;[¤








)+*-,. 0/ 6?W  tuS=hfuS=lh
[QS=8a;p|vwS=ef"\^fnOÄe1ad[+fnS=[;f}lW¿hd[]y%\§fuOÄy|S=luetu\^{Qfn\bad[1(6<¤
' ) 6  zS1RTadSZfuOQS`adp|vwS<e&fai2c6<&¹Q\^\^fS+|\jlwf}l1¤
' ) %' 6  zS1RTa;SZhd_^_S=_^S=RTS1[+ful"adfuOQS`S+ofnS=[+f"ad2#(6<¤
 63{14 j 1  ad{Q\bS=lGfnOQS adp|vwS<e&f%ai5c63{14 ¹g\^q\§fBS+|\jlwf}l1¹gp+m ea;{om+\b[Qc \^fulBe1ad[+fnS=[;f}lGhd[]y pom ¼futuhd[]l{/a;ln\b[Qc£Ä\§f}l
y|S=luetu\b{|fn\bad[¢¨tuadR6c63 14 Lfua j 17&¹\C¤ S;¤^¹3pomlnkQp]lfnt}hdefn\b[Qc£7c63 14 hd[]yZfnO]S1[pomh;yQy|\b[Qc£7 j 17 5 lnS1S"ÁoS=efn\bad[`¦¤^
¨adthTy|\jlne1k]lul\bad[%ad[fnOQS`S3+Qhde&fRTS=hd[Q\b[QcTaih;yQy|\b[Qc£Zhd[]yTlnkQp]lfnt}hdefn\b[Qc£8&¤
 %' 63{14 j 1  ad{Q\bS=l"S<hde}O%S1_bS1RTS1[+faifnOQS`S3+ fuS1[+fai(c63 14  pomGea;{om+\b[Qc
\§f}lea;[;fuS1[+fulhd[]yp+m©fnt}hi[]ln{¦a+l\b[Qc
\§f}l
y|S=luetu\b{|fn\bad[¨tna;R8c63{14 fua j 17¤
)+9 63{14 j 1  %ÄadS
fnO]Sadp|vwS<e&f`ai:c63 14 &¹\§"\^fS+|\blful=¹)pomÄfutuhd[]ln{¦a+l\b[Qc%\§f}ly|S=luetu\b{|fn\bad[ ¨tna;R (63{14 ¿fna;# j 175 \jy|S1[+fu\§fwm%hi[]y%ea;[;fuS1[+fulhdtnS¢«;S1{|fkQ[]e}O¦hi[Qc;S=yE8¤
)+9 %' 63{14 j 1  %Äa;S©S=h;e}O S1_bS1RTS=[;fTaigfnOQS%S+ofnS=[+f
ad<c63 14 pom futuhd[]ln{¦a+l\b[Qc\^fulTy|S<lne1tn\b{|fu\^a;[ ¨tna;R=c63 14 
fna> j 17 5 \jy|S1[+fu\§fwm%hi[]yBea;[+fnS1[+f}lada;p|vwS=efulhdtnS¢«dS={|fkQ[]e}O]hd[QcdS<yE8&¤
?
a;R
Rhd[]y  \jlTl\bRT{Q_^S hd[]y \jlTS=lulnS1[+fn\jhi_b_^m k¦lS1¨kQ_"¨adtO]hd[]y|_b\^[]cfuOQSÄa;tn«o\b[Qc r+kQS=tnm;¤ a;R
Rhd[]y  y|S<lS=tn;S=l
RTadtuS
S+|{Q_b\be=hfn\bad[¦l1¤  \^fnO ad{|fu\^a;[ %' fnOQS
tuS=lnkQ_§f¢\jlgfuOQSTad[QSfnO¦hf`r;k]S1tum+\b[Qc%lm|lfnS1RlZcd\bdSqfnaBhr+kQS=tnmgfuOQST_^\jlfZadhi_b_
a;p|vwS=efulfuO]hf¢lnhifn\jlw¨mfnO]Sr+kQS1tumd¤  \^fnO]adk|f¿fnOQ\jla;{|fn\bad[¹Lea;RTRThd[]y  S=[]hip]_^S<l[]h3o\^c+hfu\^a;[¹]\C¤ S;¤^¹LlnS=hit}e}OQ\b[QcTai9a;p|vwS=eful
pomqlnk]e1e1S=lul\bdS tuS][QS=RTS1[+fulJad]fnO]Sa;tn«o\b[Qc¿r+kQS=tnmghd[\b[]e1tnS=R
S=[+f L S=[]hipQ_bS=lfua¢tnS1][QS fnOQS adtu«o\^[]c¿r+kQS1tum	Zpom 	 	 L ¤
( k|fGh p]h;y|_bm e}OQa+lS=[ tuS][]S1RTS1[+f>	 	 L e1adkQ_jytnS1fnkQtu[ hdlRhi[om hd[]lnS=tulh;l
fnOQSÄ{QtuS1o\badk]lr+kQS=tnm 5 [Qadf©S1[Qa;kQcdO
tuS][]S1RTS1[+f 8adt[Qa hd[]l S1t
hfhd_^_ 5 fuaoaRqk¦e}O tnS1][QS=R
S=[+f 8&¤ Áoa h;l`fua h3da;\by fuOQS=lnSGS3+ futnS=RTS=l=¹ SGRk]lf\bR
{/a;lnS©fuOQS
¨a;_^_ba\^[]c ea;[]y|\^fn\bad[ ad[ S=dS=tnm \b[]etuS1RTS1[+f L ¨adthc;\^;S1[  adtu«o\^[]cr+kQS1tum 	 5 _^S1fk]l
tnS<e1hi_b_fnO]hif'c6<
y|S1[QadfnS<lqfuOQS
S3+ fuS1[+fBair+kQS=tnm 6<8  ' 	< 	 L   ' 	<7·f e1hd[ p/S {]tna;S=yfnO¦hf%fnOQ\jlBead[¦y|\§fu\^a;[ \jl%S=r+kQ\b3hd_^S=[+fGfna #t










¼[Ge1adRTRhi[]y]l@tuS=lnkQ_^fn\b[Qcq\b[GhRTa|y|\^¦e1hifn\bad[©adfnO]S¿ea;[+fnS+of 5 )+*-,+. 0/ ¹ ' ) ¹  ¹ ) 9 8-fnOQS¢ea;[]eS={|f_jhfnfn\jeSg\jl \^RT{Q_b\je\^fn_bm




_jhfnfn\jeSgRhd«dS=l@[QaqS3+QeS1{Qfn\bad['\§f"\jl@\b[+fnS1tuS=lfn\b[Qc`¨a;t yQS=ln\^c;[Q\^[]cqhi[]y©\^RT{Q_bS1RTS1[+fu\^[Qc"ÁL¹+pQk|f"k]lS=tul@[QS1S<y[QS=\§fuOQS1t «o[Qa \§f<¹
[Qa;to\blnk]hi_b\b1S¢\§fS3+|{Q_^\je\^fn_bmd¤
 G -  !  % ¢q 	 %"!% 
¼[ ÁoS<e&fn\bad[ ]¹)h ad[]e1S1{|fuk]hi_@ÁoO]S1_b_ 5 "Á"8` h;l¿{]tnS<lS=[;fuS=yfnOQtuadk]cdO \§f}l`cdS=[QS1t}hi_J{Qtu\^[¦e\b{Q_^S<l1¹)pQk|fq"hdlZ[Qadfqy|S][]S=y \^[ h
{QtuS=e1\blnS  h3m;¤)N"OQ\jllnS=efn\bad[
hi\bRTlJhifc;\^o\b[Qc¿e1adRTRhi[]yQladL"Áhg¨adtuRhi_oy|S][]\§fu\^a;[p]h;lS<y`ad[_^a;cd\jehd[]yqe1ad[]e1S1{|f-hi[¦hi_bmoln\jl1¤
 STp¦S=cd\b[ pomy|S<lne1tn\bpQ\b[Qchd[]y y|S][]\^[QcBhBlS1fZadS=_^S=R
S=[+fuhitumÄad{/S1t}hfu\^a;[]l¿\§fuO OQ\je}O "Áe1adRTRhi[]yQl¢hdtnSS1dS=[+fnk]hd_^_bm
y|S1][QS<y¤






luhfu\bl]S=lhqr+kQS=tnm;¹;\C¤ S;¤^¹+\^fnOQS¿adp|vwS<e&f \bl hi[©hd[]l S1t@fnaqfnOQSZr;k]S1tumd¤JN"OQSga;{¦S=tuhifn\bad[TfnO¦hf h;e}OQ\bS1dS<l-fuOQ\bl ea;RT{]hitu\blnad[T\jl9fuOQS
y|S<y|k]efn\bad[BtnS=_bhifn\bad[	  ¤p·fS<lwf}hipQ_b\jlOQS<lhTl{/S=e1\bhd_^\b=hifn\bad[xXcdS1[]S1t}hi_b\^<hfn\bad[a;tuyQS1t"ad[%¨adtuRqk]_bh;l1¤
¼[ fnO]S©{QtuS=lnS1[+fuhifn\bad[ad¿"Á 5 e&w¤BÁoS=efn\bad[ 98¹)\^fq h;lZfuhd_^«;S=y hip/adk|f¿nhdyQyQ\^[Qci£
a;tglnkQp]lfnt}hdefn\b[Qc£hG¨a;tnRkQ_jh%fnaÄhi[
a;p|vwS=efGy|S=luetu\^{Qfn\bad[ 5 \b[ eadRTRhi[¦yQl  hi[]y )+9 8&¤ nyQy|\b[Qc£Äh ¨adtuRqkQ_jh?6 fna hd[ adp|vwS<e&f©y|S=luetu\b{|fn\bad[ 17TRk]lwf©p/S
kQ[¦y|S1t}lwfuaoaoy hdlRhd«+\b[QcÄfuOQ\jlqa;p|vwS=eflnhifn\jlw¦S=l`fuOQ\jl¨a;tnRkQ_bh OQ\^_bSG«;S1S={Q\^[]c \§f}l{QtuS1o\badk]lq{Qtuad{/S1tnfn\bS=l=¤ ¾QadtuRhi_b_^m;¹fnOQ\jl
RTS=hd[]l fnO¦hf=¹]\§JS`[]aifnSZfuOQSgh;yQy|\b[Qc£Zad{/S1t}hfn\bad[%pom¹ofnO]S¢¨ad_b_^a\b[Qcea;[]y|\^fn\bad[%O]hdl fua
p/S¢fntukQS9
 (17%6 	  17"hd[]y& (17%6 	  6¤





 (17 	  17?6¤
¾]kQtfuOQS1tuRTadtuSd¹/fnO]S¢nlk]p]lwfutuh;e&fu\^[Qci£ad{/S1t}hfn\bad[\blZea;RqpQ\b[QS=y\§fuO fuOQS¢nhdy]y|\^[]c£qad[]Sfnawfnt}hi[]ln{¦a+lS£qhi[a;p|vwS=efg¨tuadR h
e1ad[]e1S1{|f¢fna hd[QaifuOQS1tZ17:  G17\63 14  j 1o¹)O]S1tuS`63{14 yQS1[QadfnS=lZfuOQSla;kQt}eS
ai fnOQS
fnt}hi[¦l{/a;ln\§fu\^a;[¹)hd[]y j 1




fuO]hfp17 	  63{14 5 \C¤ Sd¤b¹01\jlhd[hd[]l S1tfnaZr+kQS1tumn63{14 8¤JÁoa¦¹\^[qfnOQSe=hdlnS@OQS=tnS la;kQtue1Shd[]y`f}hitucdSfaiQfuOQSfnt}hi[]ln{¦a+l\^fn\bad[
hdtnSZp¦adfnOBy|S1[]aifnS<y©pomT¨adtuRqk]_bh6¹+fnOQS¢adpQvwS=e&fy|S<lne1tn\b{|fn\bad[Rqk]lf"p¦S¢«dS={|f"kQ[]e}O]hd[QcdS<y¹oOQ\be}O\bl ¨a;tnRhd_^_bmTS+|{QtuS=lulS<ypom
 (17 	  6  ~IG17?6<%6 	 (17&¤
zS=_bhifn\bdSBea;R
{]_^S=R




y%Ã>zK{K|  |EÈx{ egQ¶%tuS1_jhfu\^;S
e1adRT{Q_bS1RTS1[+f j½G±i´o ´]µ¼¶1¯&´/±²d!3 ´/±i¯4®u»]¶¯u±µE®´ ®´  µO]±µrj½´L®µ¼¶$ 	|\Z±i´x$ j½$;¶ @´/¶ $
®i¯±² ² 6x 9  !34n6 	|
 	 43R LC7L 9   L 	 	  6<; 

 ½ 43R L $d¶1´/®iµ·¶½`µO]¶rd¯n¶}±µ¼¶&½&µ ¶1²^¶1°T¶1´]µ"® C µ5½`±i¯R2|°T¶1´]µ(-´/®µ"¶¶1¯4²^®#REºPj½¶ 132 »Q¶ $p µO±T¯n¶1²^±µO3¶
º}®°g»/²^¶1°¶´¦µ
 ¦¶1µ(9±½¢½®<®´ ±3½q±T²^®7Eº j½¶ 12 »]¶ $ p µG ±´W °»L² Eº}±µE®´  µdj½q¶ 12 »]¶ $ p µG ±T¯u¶²^±iµO¶
ºu®i°»L²^¶1°T¶1´]µ(±3½`µGQ¶`²b±µ¼¶¯j½q±
@¶}±  ®i¯&° ® `µO]¶®i¯&°T¶1¯
NalkQRTRhitu\b1Sd¹|h
_badcd\je¿O]hdl fua
p/S¢S=r+kQ\b{¦S<yBhf_^S<hdlf \^fnO%fuOQtnS=S¢ad{/S1t}hfn\bad[¦l lnaThdl fnaTp/S¢k]lS<yG\b[%fnOQSZ¨t}hiRTS¢ai9"Ág
y|S<y|k]efn\bad[BtnS=_bhifn\bad[	  ¹¦ead[ivwkQ[]e&fu\^a;[ 	 ¹]hi[]ytuS1_jhfn\bdS`e1adRT{Q_bS1RTS1[+f 	| ¤
 \[  `dklm'nl `}Zm"fKl"cv`dk*w
 ¨a;tnRhd_gea;[;fuS+oflfna;tnS<lh lS1fGai¢adpQvwS=e&f}l hi[]yfuOQS1\btGy|S<lne1tn\b{|fn\bad[¦l1¤  S ead[¦l\jy|S1t©fnO]hifGS1;S1tum adpQvwS=e&fE1 O]h;lGh
e1ad[+fnS=[;f}lEW7(17&¹ghd[]y hi[~¶u¸;µ5¯ ´]½ Eº$;¶&½1º1¯ »/µE®´ HD 17S3+|{QtnS<lnlnS=y\b[ h _badcd\je yD¤~¾QtuadR fuOQ\jlGp]h;l\jeB\b[|¨adtuRhfn\bad[)¹S
[QaO]h3dSfnaÄp]kQ\^_jy fnOQSTRhi{]{Q\^[]cfnO]hifqy|S=luetu\^p/S=l¢S<hde}O adp|vwS<e&f=¤©xJ ¥\bl¢p]h;lS<ya;[fuOQ\jl`Rhi{Q{Q\b[Qc¦¤T¾\btulf=¹\^[+futn\b[]ln\be
y|S<lne1tn\b{|fu\^a;[]lgad@adpQvwS=e&f}lr17¹S+|{QtuS=lulS<yÄ\^[ h©_badc;\bePn¹hituShikQfnadRhifn\je1hi_b_bmS3+ futuh;e&fuS=yB¨tuadR fuOQS
e1ad[+fnS=[+ful¿ai@a;p|vwS=eful
fuOQtna;kQcdOhi[hip]lfnt}hdefn\bad[ ¨k][]e&fu\^a;[&  173  WR17¤ N"OQS1[¹@fnOQSBOQa;_^SBy|S<lne1tn\b{|fn\bad[ ai¢hi[ a;p|vwS=ef
\jl
fnO]S%RTS=tnS
{Qtua|y|k]efZad9\§f}lgS3+ futn\b[]ln\behi[]y \^[+fntu\b[]l\jeqyQS=etu\b{|fn\bad[]l:17&    D 17#  (17&¤`N"OQS_^a;cd\jeJ k]lnS=yÄ\b[x ¨t}hiRTS1 adtu«G\jl
fuOQS1tuS¨a;tnSZfnO]S`{Qtna|y|k¦e&f_^a;cd\jeZaii D hi[]y  ¤b%ÄadtuS¢{QtuS=e\jlnS1_bmd¹ \jly|S][]S=yBhdl ¨a;_^_bal3
    D   (6 D 6   	    D   y 6 D 	  D  D  6  	    
(6 D x6   1
	P  D   y  (6 D 1
	 D  D x6  1
	    &¹|¨a;t51








cd\bdS=[a;p|vwS=ef=¹Qhi[¦ygh Lkj 3fnO¦hftuSfnk]tn[]l fuOQS`S+ofutn\b[]ln\beZ{]hdtfai-h¨adtuRqkQ_jhQ¤
 \c rmckra fpkrq krfcvabfKl"cv`k `}Zm"fKl"cv`dk*w
ÁoS<e&fu\^a;[ B\b[+fntua|y|k]eS<y [Qaifu\^a;[]l¢ai¶n¸;µ¼¶´¦µZ® ©±W132]¶¯4hd[]y ®R!1¶}ºµ`® G±S12]¶1¯4¤N"O]S1m e1adtutnS<l{/ad[¦yÄfnaBfuOQSS1_bS1RTS=[;f}hitum
a;{¦S=tuhifn\bad[]l-{/S1tn¨adtuRT\^[]cr;k]S1tum+\b[Qc¦¤N"OQSgS+ofnS=[;f aihr+kQS=tnm ¿\jl9[]aifnS<y`' 7@hi[]yTtuSfukQtu[]l@hd_^_¦adp|vwS<e&ful9OQa;lnSgy|S<lne1tn\b{|fn\bad[
luhfu\bl]S=l:o¤D¿{/S1t}hfu\^a;[%\jl fnOQSluhiRTS`hdl"\b[%fnOQSqW¢hd_^a;\ble1ad[Q[QS<e&fu\^a;[adx  5 e&w¤¿S][]\§fu\^a;[UR8&¤
N"OQS¿adp|vwS<e&f@adhqr+kQS1tum¿\jl[QaifuS=y j  7hi[¦yT\bl@fnOQS¿adp|vwS<e&f@O]a;lnSgy|S=luetu\b{|fn\bad[\jl@e1ad[+fnS3+ fuk]hi_b_bmS<r;k]\^hi_bS1[+f9fua  5 \5¤ Sd¤b¹
O]h;l fnOQSluhiRTS¢S+ofuS1[+f 8j  7  1n9W©¹]lk¦e}OGfuO]hf5'  (17  ' 7¤
·JfnO]S1tuS\bl[Qa©lk¦e}O%a;p|vwS=effnO]Sqr+kQS1tum©\jlgluhi\jy ¶1°g»/µ4 5 ' 7   8&¹]hd[]yB\§JfuOQS1tuShituSlS=dS=tuhd_Llnk]e}OÄa;p|vwS=eful"fuOQSqr+kQS1tum©\jl
luhi\jy ±i°-!3R2]®2o½&¤
 h3+\bc;hifn\bad[\bl-{/S1tn¨adtuRTS=y
pomqea;RTRThd[]y  fnO]hif@tuSfnk]tn[]l-h`lnSf9adK ´Lº¯u¶°¶´¦µE½&¹iO]\be}OTS1[¦hipQ_bS"fna`tuS][]S"fnOQS adtu«o\^[Qc
r+kQS=tnmO]\^_bS«dS=S1{Q\b[QcZ\§f9[Qa;[|¡·S1RT{|fwmd¤Jgl@hi_btnS<hdy|mlnS1S=[\b[{]tnS=+\badk¦l-lS<e&fn\bad[)¹dhi[
\^[¦etuS1RTS1[+f L aih¢r;k]S1tum5O]h;lfnaluhfu\bl¨m
  '  	 L   ' 7¤




\b[QS<y pQk|f¢\^f¢lnOQadk]_by e1ad[+fuhd\^[ l\bRT{Q_^S¨adtuRqk]_bh;l 5 hde1e1adt}y|\b[QcfnaGfnOQSfnS=tnRT\b[Qad_badc;m"8&¹
lnadRTS©ad fnS1[ k¦lS<y ¨adtuRqkQ_jhdl=¹hd[]y RTadtuScdS1[]S1t}hi_b_^m;¹hi_b_9¨a;tnRkQ_jhdlZfnO¦hfk¦lS=tul`S3+|{¦S<e&ffualS=S\^[  tnS<l{/ad[¦lS<l1¤ e1hi[
p/ST][Q\^fnSTp/S=e1hdk]lnSqfuS1tuR
\b[Qa;_^a;cdm hi[¦yk]lnS=y ¨adtuRqkQ_jhdl¢hdtnS;¤¾Qk]tfuOQS1tuRTadtuSd¹ S«;S1S1{ ad[Q_bm c;tnS<hfnS<lwfZ\^[¦etuS1RTS1[+ful`h;l¿fnOQS=m
e1adtutnS<l{/ad[]y©fna©lnRhi_b_^S<lwftuS][QS=RTS1[+flwfuS1{]l=¤9N"OQS1[)¹QS`e=hi[%[Qa8y|S1][QS¢fuOQSlS1faiJ\^[]e1tnS=RTS1[+ful"adhTr+kQS1tum p+m
	0oCW7 7y 7mL 9    '  	 L   ' 7;+¹
OQS=tnS  qy|S1[]aifnS<l fnOQSlnSfadc;tnS<hfnS<lwf"S1_bS1RTS=[;f}lai  hde1e1adt}y|\b[Qcqfua




{Q_bSfuS1[QS<lnlZad 	"oCW7 7¤J·[]h3o\bc;hifn\bad[Ä\jlZlnS1S=[ h;lZh"h3m¨a;tg¦[]y|\b[QcÄhi[a;p|vwS=efZpomÄtuS][]\^[QcGfnOQST adtu«o\^[Qcr;k]S1tumÄ\§fuO h
lnS=r+kQS=[]eS¢aiJ\b[]etuS1RTS1[+f}l1¹ofuOQSea;R
{]_^S1fnS1[]S=lule1hi[%p/S¢¨adtuRThd_^_bm©S3+o{]tnS<lnlnS=yGp+m



















	)¹hi[]y1	<TfnO]hif¿tuSfukQtn[¦lfnO]Sq_jhdlfg{Qk]lnOQS=yr;k]S1tumd¤r( S=ln\jy|Sd¹/SqO]h3dSqh¨kQ[]e&fu\^a;[ JfuO]hf¢ea;RqpQ\b[QS=l¿hT¨adtuRqk]_bhT¨tuadR h








0 1 ( j  	#
   	k1
	Y
  j 1 	)(*,+Y # j 17#
- 6 1 ( j    c6<#YP1 ( j x c6<
- %' 6 1 ( j  c6<#
) *-,. 0/ 6aW 1:  oCh 	  1YAW717)  W "HD 17)  h Lkj 3 c6<' ) 6 "h  1   c6<#' ) %' 6 ¨adt}hi_b_C1n9	: #(6<"yQa  h  117) 9 63 14 j 1 1:    c63 14 .EHD 17  GHD 17 	|%h Lkj 3 c63{14 # 	 h LPj 3 # j 17
) 9 %' 63 14 j 1 ¨adt}hi_b_C1n9	: #(63{14 #y|a- D 17)  G D 17 	|h Lkj 3 c63 14 # 	 h LPj 3 # j 17
  63 14 j 1 1:    c63 14 .k1    oCh 	  1YkW71 Oy  W7(17Y D 1 Oy    D (17 	|%h LPj 3 #(63{14  	 h LPj 3  j 17#
  %' 63 14 j 1 ¨adt}hi_b_C1n9	: #(63{14 #y|a
1 C  oCh 	  1YkWR1 Oy  W7(17Y D 1 Oy    D (17 	|%h LPj 3 #(63{14  	 h LPj 3  j 17#
    J}B ¬% q !B©}¦	
¼[%fnO]\bllnS=efn\bad[¹| S¢{QtuS=lnS1[+fh{/a;luln\^pQ_bS`y|S=ln\bcd[¨adtyQhifuhTlwfutnk¦e&fnk]tnS<l hd[]yBhi_bcda;tn\^fnOQRlfnO¦hf\^RT{Q_bS1RTS=[;ffuOQS`S1_bS1RTS=[;f}hitum
a;{¦S=tuhifn\bad[]ly|S1][QS<yG\b[ ÁoS=efn\bad[B]¤  Shi_jlay|\jlne1k]lulhip/adk|f"fnO]SeadRT{Q_bS+|\^fwm©aifnO]S=lnS¢hd_^c;adtu\§fuOQRl1¤
]\#^  fYlf w9l )*exl "mAw
a;[;fuS1[+fulghi[]y%S+ofutn\b[]ln\be`y|S<lne1tn\b{|fu\^a;[]l1¹]OQ\be}O hdtnSZfuOQSp]h;l\je¢\^[Q¨adtuRThifn\bad[Bai-hea;[+fnS+of<¹]hituSlwfuadtuS=y%\b[Bhdtnt}h3m|l \^[]yQS+|S=y
pomÄadpQvwS=e&fZ\byQS1[+fn\^]S1t}l=¤Z¼[+futn\b[]ln\be
y|S=luetu\b{|fn\bad[]l¿hituSqS3+ futuh;e&fuS=yB¨tuadR e1ad[+fnS=[;f}lgpomÄhi[ hip]lfnt}hdefn\bad[B¨kQ[¦e&fn\bad[ @¤¿l¿fnOQ\jl
hdp]lwfutuh;e&fu\^a;[ e1hi[p¦S

















S<l kQ[]hde=eS={|fuhdpQ_^S 5 S3+|{¦a;[QS1[+fn\jhi_L\b[GfuOQS¢a;tulf e=hdlnS8¤i0¿hi{Q{]\^_bmd¹Qlnk]e}OhtuS1{QtuS=lnS1[+fuhifn\bad[\jl
[Qadf[QS=e1S=lulnhdtnm;¤
N"OQSGlnad_bk|fn\bad[  SG{]tna;{¦a+lS©e1ad[]ln\blfulq\^[ tuS1{]tnS<lS=[;fu\^[]cÄad[Q_bm hlkQpLy|\jhic;tuhdRI]r`adfnOQS&0ghdlulnSGy|\jhicdt}hiR
5 \C¤ S;¤^¹hlnkQpQc;tuhd{QO fuO]hf\jl`hi[+fu\§¡·tnS3)]S+|\bdS
hi[]y hi[+fn\^¡Cfnt}hi[]ln\§fu\^;S8gaifnOQS 5 {/a;luln\^pQ_bm \b[|][Q\^fnS 8¿¨adtuRqkQ_jh%_bhiffu\be1S
 
	  ¹+OQS1tuS ea;[+fuhi\b[]l 	 5 fnOQS¿tnaoaif8&¹9  P 5 hd_^_¦adp|vwS<e&fy|S<lne1tn\b{|fu\^a;[]l8¹;hd[]yhlnSf  ai\b[]etuS1RTS=[;f}l 5 lS=S
S1_bS1RTS1[+f}hitumad{/S1t}hfn\bad[ 	"oCWg\b[ ÁoS=efn\bad[B]¤ 98¤
 OomÄk]lnShy|\bhdcdt}hiR$ai-¨a;tnRkQ_bh;lt}hfuOQS1t¿fnO]hd[hGyQ\bhdcdt}hiR$ai@ea;[]eS={|ful =¾\^t}lwfu_^m;¹LO]hf¢\bl¿\b[;fuS1tuS=lfn\b[QcG\b[e1ad[]e1S1{|f}lg\jl
fuOQS1\bt¿S3+ofnS1[+f}l 5 tuS=e=hi_b_fuO]hfg Sqhd\^R hfZ\by|S=[+fn\^¨m+\b[Qc©a;p|vwS=efulg\§fuOÄ¨adtuRqkQ_jhdl 8&¹/hi[]yB[]aifgfuOQS1\btg\b[+fnS=[;f}lOQ\je}Oe=hi[Äp/S`fnaoa




e=hi[%p¦Sy|S1][QS<y\^fnO]adk|fk]ln\^[]cfuOQS`[Qadfn\bad[%aie1ad[]e1S1{|f 5  6 9 0h Lkj Tb(6<#  '(6<8@lna]¹+fnOQSyQ\bhdcdt}hiR ai¨adtuRqkQ_jhdl \jl
lnk|À©e\bS1[+f¨a;ttnS1fntu\^S=o\^[Qchd_^_\b[|¨a;tnRhfu\^a;[BtnS=_bhifn\bdSZfnaS3+ fuS1[+ful=¹]hd[]y%fnOQS=tnS1¨adtuSZfna©ea;[]eS={|ful=¤ Á|S=ea;[]y|_bmd¹]fnOQSy|\jhic;tuhdR¬ai
¨a;tnRkQ_bh;l@\jlS=hdln\bS1t9fuak¦lSgfnO]hd[©fnO]SZe1ad[]e1S1{|f _bhiffn\jeSZp/S=e1hdk]lnS¿ea;RTRThd[]y{]hdtuhdRTSfnS=tulhituS¨a;tnRkQ_bh;l1¹ohi[¦y[Qaifea;[]eS={|ful=¹
hd[]y%S=hdln\bS1t fnaRhi\b[+fuhd\^[%p¦S<e1hdk]lS`\^f\jllwf}hipQ_bS 5 \^fg\jly|S][]S=y%pom©fnO]S`_^a;cd\je*¿¹]hi[¦yRTa;tnS¢{QtuS=e1\blnS1_bm©pom 	  8&¹QO]S1tuS=hdl fuOQS
e1ad[]e1S1{|f
_bhiffn\jeSGS1da;_^;S=lh;e1e1adt}y|\^[]cBfna fuOQSe1ad[+fnS3+of 5 \C¤ S;¤^¹-S=dS=tnmfn\bR
S%hi[ a;p|vwS=efq\jle1tnS<hfnS<y¹JkQ{LyQhfuS=y a;ttnS=RTadS=y 8&¤
 OomÄe}OQaoa;lnSqh©lnkQpLy|\bhdcdt}hiR fnO]hif¿\jl¿hd[+fn\^¡CtuS)]S3+|\^;Shi[]yÄhd[;fu\§¡Cfnt}hi[¦l\^fn\bdS = N"OQ\jlgh3;ad\jyQltuS=y|kQ[¦yQhi[]e1\^S<lghd[]yÄ_b\^c;O;fuS1[ÄfuOQS
lfntuk]e&fukQtuSd¤-¾QkQtnfnO]S1tuR
a;tnS;¹;tuS1_jhfu\^a;[ 	  e1hd[GS<hdln\^_bmTp¦SZtnS1fntu\^S=dS<yT¨tna;R  5 pomtuS)]S3+o\bdSZhi[]y©fnt}hi[]ln\^fn\bdS¿e1_^a+lk]tnS 8&¤  O+m 
Rk]lwf ead[+f}hi\b[ 	 ¹> &¹ohi[]yS= 	 \bl-fnOQStuaoaif9ad/fuOQSgy|\jhic;tuhdRhi[¦y\jl9k¦lS<y
h;l9hi[TS=[;futnm{¦a;\^[+f9¨a;t@y|\jhic;tuhdRfnt}h3dS=tuluhi_jl1¤¿\bhdcdt}hiR [Qa|y|S<l9fuO]hfhituS_jhip/S1_b_^S<y©pomadpQvwS=e&f"y|S=luetu\b{|fn\bad[]l hituSgk¦lS<yfnaThfnfuh;e}OGea;tntuS=ln{¦a;[]y|\b[Qc`adpQvwS=e&f}l ad[fuOQS1RB¤  \jl
k]lnS=y p+m 	"oCW¢\^[ eadRTRhi[¦y  ¤
@hde}OÄ[Qa|y|S\^[  e1hi[p¦S
lS=S1[ hdlZh E¶ fuO]hfZtnS<ea;tuyQlfnOQS
hi[]lnS=tulfnahr+kQS1tumd¹/hi[]y
]r"\jl fnOQS=[Äh«o\b[]y%ai]E¶3;E¶1¯n±i¯nº4©fuO]hfa;tnc+hi[Q\b1S<lhd[]yEhde\b_b\§f}hfnS<lhde=eS=lulfna\b[|¨adtuRhfu\^a;[¤






y|S<lne1tn\b{|fu\^a;[]l 5 _jhip/S1_b_bS=yÄpom©fuOQSqa;p|vwS=ef 8"a;t\b[]etuS1RTS1[+f}lOQ\je}O hituS`{]hitnfuladJfnOQS<lSqyQS=luetu\^{|fu\^a;[]l=¹]lS=S1[ h;lea;[vwkQ[]efn\bad[]l=¤
\btue1_^S<lc;hifnOQS=t
¨adtuRqkQ_jhdl
fuO]hf©O]h3;S%fnOQSluhiRTSBS+ofuS1[+f=¹"\C¤ S;¹@fuO]hfG_jhip/S1_fnOQS luhiRTSÄea;[]eS={|f=¤ ¼[ adfnOQS=t©a;tuy]l1¹S=hde}O















¾\^c;kQtuS`U"b0gh;lnlnS`y|\bhdcdt}hiRlai¨adtuRqkQ_jhdl¨adt5B DGF \§fuO 5 h98: 7mL ONP; ¹|hd[]y 5 p 8r 87L ON JMA; ¤
]\[  hab` Ecvl wa `  `ZmEfYl"c`dkrw	
Zfik*q
 STS+|{QtuS=lulga;{¦S=tuhifn\bad[]l
¹ j ¹hi[]y 	0oCWqk]ln\^[Qc%S1_bS1RTS=[;f}hitumÄhde1e1S=lulS<lfuaGfuOQSj0¿hdlulSTy|\jhic;tuhdR ad9¨adtuRqkQ_jhdl 	"o 6¹ 	0o 6i¹
 ( 	)¹  ( 	  ¹P1 U¦¤9N"OQSZ]t}lffwaThituS`y|S][]S=y¨adthd_^_ 6a9pom
	0o 6ic6<y 87  9	   v6<; 	0o 6  (6<y 7  9	  g	  6<;+¤
 ( 	Ähi[]y  ( 	  hdtnS`y|S1][QS=yBy|k¦hi_b_^m;¹Qhi[]y31 Ux(6<\jl"fnO]S`adp|vwS<e&f"fnO]hif\blhiff}hde}OQS<y©fuaE6 5 \^fS+|\jlwf}l"ad[Q_bm©\^ 6\jlhi[%adp|vwS<e&f
y|S<lne1tn\b{|fu\^a;[ 8&¤9¾]tna;R#y|S¦[Q\§fu\^a;[]lc;\^;S1[G\b[ ÁoS=efn\bad[B]¹| S¢cdS1f fuOQS¢¨ad_b_ba\^[QcTS<r;k¦hi_b\§fu\^S<l ¨adtS1;S1tumE6s9	-
  '(6< 7 1:9W  " E9 	0o 6R(6<y"1 Ux "  1 ;+¹
  j (6<  1 Ux 43R L7  9 	"o 6  c6<  1 Ux " \blgy|S][]S=y ;&¹
  	0oCWR(6< 7L 9      '(6<' L     '(6<  ; ;¤
N"OQS<lSS=r+k]hd_^\^fn\bS=l
lO]afuO]hfhi_bcda;tn\^fnO]RTl¨adt ¹ j ¹9hi[¦y 	0oCWGead[¦l\jlwf
\^[ fnt}h3dS=tuln\^[]cfuOQSBlS1f 	"o 6  adgla;R
S[Qa|y|S=lai
fuOQSqy|\jhic;tuhdR¬ai¨adtuRqkQ_jhdl=¹|OQ\b_^Sq{¦S=t¨a;tnRT\b[Qcl\bRT{Q_^S`a;{¦S=tuhifn\bad[]l 5 Sd¤ c]¤ ead_b_bS=e&fghd[Badp|vwS<e&f=¹QfnS=lf¿hd[]yBlS1fgla;R
S`Rhdtn«|l 8&¤
N"OQS<lShd_^c;adtu\§fuOQRlhdtnS \b[]y|S1{/S1[¦yQhi[+fJ¨tna;R  p¦S<e1hdk]lS"_badc;\be=hi_+ad{/S1t}hfn\bad[¦lhdtnS [QadfJk¦lS<yqOQS=tnS;¤K% adtuS{QtuS=e1\blnS1_bmd¹ihd_^_|k¦lS1¨kQ_
e1ad[]lnS=r+kQS=[]eS<l"ai)fuOQSy|S<y|k]e&fu\^a;[BtnS=_bhifn\bad[¹ 	  ¹]hituS¢e1hde}O]S=y\^[%fnO]Sy|\bhdcdt}hiRB¤
=*  ?> ! ÃA@ ¼[fuOQSy|\jhic;tuhdR ai¾\bcdkQtuSU|¤ 5 p 8¹|fnO]S¢¨ad_b_^a\b[QcTtnS<lk]_§f}le1hi[%p/SeadRT{QkQfnS=y%\^fnOÄhip/adS¢hi_bcda;tn\^fnO]RTl'(R  U 7L OMgONP; j R  U \bl"k][]y|S¦[QS=y 	0oCWRR  U 87 RxU OW ;'(W3 87 NP; j W  N 	0oCWRW3 87 ;+¤
 SlS=SZfnO]hif
R  U\jlhd[%hdRqpQ\bcdkQa;k]l"r+kQS1tum©p/S=e1hdk]lnS j (R  U\jlkQ[]yQS][QS<yBhi[]y'R  U \bl[QaifS1RT{|fwm QO]S1tuS=hdl)W
\jy|S1[+fu\§]S<l"fnO]S`adp|vwS<e&f5N]¹Qhd[]y%O]hdlhd[S=RT{|fwmGlnSfaiJ\b[]etuS1RTS1[+f}l"p¦S<e1hik¦lS'W"\blhTln\^[]cd_bSfna;[¤
=
]\c  hab` Ecvl wa `  hv`:egfKl"ckra fpkrqNc#krw>ml"c#ka, `   rhvfpw c#k l rm q*cvfia "f 
Áoa;RTS¿¨a;tnRkQ_jhdl [QS1S<y©fuaTp¦S`_ba|e1hfuS=y%hi[]y\b[]lS=tfuS=y\^[fnO]Sy|\bhdcdt}hiR ai¨adtuRqkQ_jhdl -9y|S<lne1tn\b{|fu\^a;[]l ai[]S1 a;p|vwS=eful=¹|[QS1
\b[]etuS1RTS=[;f}l1¹¦hi[]yÄhdtnc;kQRTS1[+ful"adb¹ j hd[]y 	0oCWi¤N"Ook]l=¹QS`[]S1S=yÄhd[Ähi_bcdadtu\^fnOQR fuO]hfgfuhi«;S=lh
¨a;tnRkQ_bhTh;lhi[Ähitucdk]R
S=[+f=¹
\b[]lnS1tnful¿\§f¢hdlghG[Qa|y|Sq\b[ T¹hi[¦yÄtnS1fnkQtu[]lfnOQ\jlg[]aoyQSd¤r· hT¨adtuRqkQ_jhE6 \jl¿hd_^tuS=h;y|mG\b[  5 RTaoyQkQ_^a 	 8&¹L\§f¢\jlg[Qadfg\b[]lS=tfuS=y
h;lqhB[QS=¥[]aoyQSd¹JpQk|ffuOQSGS3+|\blfn\b[QcÄ[Qa|y|S©\jltuSfukQtu[QS=y¤ ¼[]lnS1tnfn\b[Qc hB¨a;tnRkQ_jh36 \b[  ead[¦l\jlwf}l`\b[ ea;R
{]k|fn\b[Qc 	"o 6i(6<
hd[]y  ( 	Yc6<&¤  S¢yQS=ln\^c;[QS=yhi[hd_^c;adtu\§fuOQR o *h 3 j p]h;lS<y©a;[©fnt}h3dS=tuluhi_jl-ad] r hi[]yeadRT{]hdtn\jlnad[]l@p¦S1fwS=S1[©¨a;tnRkQ_jhdl
\^fnOX	  fuO]hfgh;e}OQ\bS1dS<lfnOQS<lS`ea;RT{Qk|fuhifn\bad[]l 5 pomG_jhde}«aiJ{Q_jhde1Sd¹| S¢yQa
[]aifgy|S1fuhi\b_\^fOQS1tuS8¤9;S1[%\§J Sgfutn\bS=yGfnaTRT\^[]\^RT\b1S¢fnO]SZk¦lS¢ai 	  ¹|OQa;lnS`eadRT{Q_bS+|\^fwm©y|S1{/S1[¦yQlad[fnO]S¢e}O]a;lnS1[G_badc;\bed¹|hi_bcdadtu\^fnOQR o *mh 3 j
tuS1Rhi\b[]lJea+lwfu_^mhd[]yS"h3da;\byq\§f9hdlad fnS1[Thdl{/a;lul\bpQ_bSd¤¾\bt}lwfu_^m;¹iS"a;p]lS=tn;S9fuO]hf-\b[{Qt}hdefn\jeSfnOQS" adtu«o\^[QcZr+kQS1tum`\blpQk]\^_^f
\b[]etuS1RTS=[;f}hi_b_^mZhdlhe1ad[vwk][]e&fu\^a;[Zad|\^[]e1tnS=RTS1[+ful=¤'¼[]y|S=S=y¹<fuOQS9k]lnk]hi_d[]h3o\^c+hfn\bad[Z{]hdtuh;y|\^c;R \jlLfnahd_§fuS1tu[]hfuS9eadRTRhi[¦yQl  
hd[]y  ¤9;S1[ \^Zh r+kQS1tum \bl
k]lnS=y \b[]lwfuS=h;y aiZhi[ \b[]e1tnS=R
S=[+f
c;\^;S1[ pom  ¹-fnO]\blr+kQS=tnm e1hd[ p/SB\^[]lnS1tnfnS<y h;lh [QS1
\b[]etuS1RTS=[;fhd[]y©fuOQS1[Äe1ad[vwkQ[¦e&fnS<yfna
fnOQS¢ adtu«o\^[QcTr+kQS1tumd¤9ÁoS<ea;[]y|_bmd¹Qhi_bcda;tn\^fnO]RTl¨a;ty¹ j hd[]y 	"oCWgfnt}h3dS1t}lnSgad[]_^m 	"o 6 
hd[]y[]aif  ( 	  Jhi[¦y{Qt}hdefn\jeSTlO]algfuO]hf¢fuOQS1mhdtnSfnO]SR
a+lwf`ad fnS1[ hi{]{Q_^\bS=yfna%fuOQSTa;tn«o\b[Qc%r+kQS=tnmgZ\^[ aifuOQS1t`e=hdlnS=l
5 Sd¤ c]¹  &%' , 8¹|fnOQSe1adRTRhi[]y%e1hd[p/Sy|S<eadRT{/a;lnS=y%la
fuO]hf\^fp¦S<ea;R
S<l fnOQSe=hdlnS 5 Sd¤ c]¤b¹  ,  &%'    8¤
N"OQS<lSTa;p]lS=tnhifn\bad[]l¿_^S<hdy k]lZfnaB\b[+fntuaoyQk]eShBl{/S=e1\bhd_-[Qa|y|S	G¨adt`tuS1{QtuS=lnS1[+fn\b[QcfnOQST adtu«o\^[QcBr+kQS1tumd¤TN"OQ\jl¢[Qa|y|S
\jl¢l{/S=e1\bhd_\b[ fuOQSlS=[]lnSfnO¦hf¢ad[Q_bm 	0o 6i 	7¿\bl¢y|S1][QS<y 5  ( 	K 	7Zhi[¦ya1 Ux 	<7¿hdtnS[Qaif8&¹hd[]yÄfuOQSq¨a;tnRkQ_jh©ai 	©\jl
h©e1ad[vwk][]e&fu\^a;[ ai-\b[]etuS1RTS1[+f}l 5 S=_^S=RTS1[+fulgaiS8¤N"OQSqhdyQ3hd[+fuhic;S`aiJfnO]\bl¿\blfnO]hif¿ SO]h3;Shi[ hi_bcda;tn\^fnO]R83{h{6xcoChqfnO¦hf
tuS][]S=lfnO]Sa;tn«o\b[QcZr+kQS=tnmfna 	 	 L ¨tuadR 	¿hd[]yqfnOQS[Qa|y|SadLhd[\b[]e1tnS=R
S=[+f L pomqfnt}h3dS1t}ln\^[Qc 	0o 6   	79hi[]y 	0o 6   L 




=*  ?> ! ÃA@ ¾QtuadR ¾\bcdk]tnSUQ¹] Sqe1hd[ lS=S`fnO]SSªLS=ef¿ai9h;yQy|\b[QcfnO]SqadpQvwS=e&fMOQa+lSy|S=luetu\^{Qfn\bad[B\bl&U3¹Lhi[]y%fuOQSqS1ª/S<e&f
ad)tnS1][Q\b[QcfnOQSZa;tn«o\b[Qcr+kQS=tnmT\^fnO¨adtuRqkQ_jhnR  WfnO]hif_^S<hdyQl@fna
\^[¦lS=tfR  W\b[©fuOQS`y|\jhicdt}hiR¥ai)¨adtuRqkQ_jhdl 5 \b[%yQaiffuS=y
_b\^[]S=la;[GfuOQS¢]cdk]tnS 8&¤
]\   cwerwwcv`dk f` :l eg` _Z*hm<nc/l 
¼[ fuOQ\jllnS=efn\bad[¹ S S1hd_^k]hifnSÄfuOQS e1adRT{Q_bS+|\^fwm ad`fnOQS hi_bcdadtu\^fnOQRl{QtuS=lnS1[+fuS=y hip/adS h;e1e1adt}y|\^[]c fna fuOQS[okQRp¦S=tGai
a;p|vwS=eful&o hi[]y fnOQSTea;RT{Q_^S3+|\§fwmBai 	  ¹OQ\je}O Sq[]aifnS'- 	  ¤  S
p¦S=cd\b[pomÄlwf}hfu\^[Qc%la;RTSqtuS=hdlnad[¦hipQ_bSqhdlulnkQRT{|fn\bad[]l=¤
¾\btulf=¹J SGhdlulk]R
S©fnO]hifqS=h;e}O adp|vwS<e&fy|S<lne1tn\b{|fu\^a;[ \jl`fuOQSe1ad[vwk][]e&fu\^a;[ aighÄlnSfad"¨adtuRqkQ_jhdl`O]a;lnS©S1_bS1RTS1[+f}lp/S1_bad[Qc
fua fnO]S%lnSf
aig\b[]etuS1RTS=[;f}l  ¹9hd[]y OQa+lSh3dS1t}hic;S©l\b1S\bl
he1ad[]lfuhd[+fL¤ N"OQ\bl
hdlulnkQRT{|fn\bad[ \jltuhifnOQS=tq[]hifnkQt}hi_ hi[]y












\jlnS`\blfna©c;\^;S  hln\b1S{Qtuad{/adtnfn\bad[¦hi_LfnaEo-¤Á|a©y|ad\b[Qc]¹]fnOQSh3dS1t}hic;SZe1adRT{Q_bS+|\^fwmadb¹ j
hi[]y 3{h{6xcoCh\ble1ad[]lfuhd[+f=¹|hi[]yfuOQS`ad[QS¢ad 	"oCW¿\jl"_b\^[QS<hit\b[3o-¤
¾]adtThi_bcdadtu\^fnOQR o *mh 3 j ¹-fuOQS%a;tulf
e=hdlnSea;RT{Q_^S3+|\§fwm \jl o '-	  &¹OQ\be}O \bl
kQ[¦h3dad\jyQhdpQ_^SG\^[la;R
SBln\§fuk]hfu\^a;[]l3©¨adt










_^S=[QcifuO 8 \jl"\^[UoA&¹¦hi[]yfnO]Sl\b1S¢ai	0o 6 \blp¦a;kQ[]y¤








hi[om _badc;\beGhi[]y \^fnO]adk|fThi[om tuS=lfntu\je&fn\bad[ fua fnO]SGRTa|y|S1_ {QtuS=lnS1[+fnS<y \^[
lnS=efn\bad[BQ¤














\jl;S1tum _^\bRT\§fuS=y¤ ¼[ Eh;e&f=¹Jy|S<y|k]e&fu\^a;[]lqe=hi[ p/Se=hde}OQS<y+£










S=[+fnS=y%hdl"hcdS=[QS1tu\be`ad[¦eS1{Qfnk]hd_Á|OQS1_b_{Qtuaifnadfwmo{¦S 5 "Á"8 \b[O]\be}O%hfuOQS1a;tnS=R {Qtna;S1t
e=hi[ p/S {Q_bkQcdc;S=y\^[)¹hi[]y hdlGh _^a S1t_bS1;S1_g¾\b_^S Áom|lwfuS1R {Qtnadfnadfwm+{/S 5 z¾-Á¨a;t©tuS1_jhfn\bad[¦hi_"]_bSlnmolfnS=R8T\^[ O]\be}O h
ln\^RT{Q_bSÄ_badcd\je 5 h _badcd\jeai`lS1fulTai¢hfnfntu\^pQkQfnS=l 8
\jlT\^tuS=y \^[ h ]_bSÄlm|lfnS1RB¤ N"OQSÄ{Qtuaifuaifwmo{/S=l
O]h3dS%p/S1S1[fuS=lfnS=y\^fnO
y|\^ªLS1tuS1[+fhi{Q{Q_b\je1hfu\^a;[]lh 6g\bSfu[]hiRTS=lnS¢eaoad«op/a+a;« 5 Sd¤ c]¤b¹  ,.      /  .















  !  ¬ 
N"OQ\jl¢ adtu«%p/S1[]SQf}lZ¨tna;R hGc;tuhd[;f¿¨tna;R ³9¶´¦µ5¯n¶q±iµE®i´/±²d$;¶²^±g¶}º]¶¯uº]¶Lº3E¶1´]µ 132]¶ 5   z¿Á"8¢hi[]y ¨tna;R RE®´
¯n¶1µ·±i´L¶ 5 (tu\^ffuhd[omGzS1c;\^a;[Ba;kQ[]e\b_O8&¤
  	% 
@ % RQ7F x9¤O¦hik]y|tuad[ hi[]y  ¤b% hd\^_b_^S;¤ =lf
a;tuyQS1t
_^a;cd\je©¨a;tnRhi_"ea;[]eS={|fhi[]hd_^m|ln\bl¨tuadR _badcd\je©{]tna;cdt}hiRTRT\^[Qc fna
fnO]S1adtumd¤¢³9®°g»x2|µ¼¶1¯±´g$ ] ´®¯&°±µE®´Lº3E¶´Lºu¶1¹< 5 >8&¹<dRQ]¤
@ ¾Jzd7F ÁL¤i¾]S1tutnY hi[]y-D¤<z\jy|a;k+¤,g[QS"cdY=[QY1t}hi_b\bluhfu\^a;[¢_^a;cd\jr;k]Sy|S"_ hd[]hi_bm|lS@yQS e1ad[]e1S1{|f}l_badc;\br+kQS;¤+NS=e}O][Q\be=hi_ozS1{/adtnf
zz"¡¼RQ+Ui]¹R¼[Qtu\bh]¹9¼[¦lwfu\§fuk|f  hfu\^a;[]hi_Ly|SZzS=e}OQS=tue}O]SS1[&¼[|¨adtuRhfn\jr+kQSgS1fS=[kQfnadRhifn\jr;k]Sd¹ gS<eS=Rqp/S1tZ=d;Q¤
@ WCB+Á DZQFdZh3+\jy VT¤WZ\^ª/a;tuy¹¿s9\bS1tutuS B;adkQ;S1_baif=¹*% hitu« ¤gÁoOQS=_byQad[¹¢hi[]y~B;hdRTS=l  ¤]B;tWD  Naoad_bSd¤¬ÁoS=RThd[+fn\je ]_bS
lnmolfnS=Rl1¤¼[ ¯u®=º}¶}¶ $ ´>i½B®   iµG  ³ 4°g»Q®½O2|°®´»Q¶1¯n±iµ ´ 43½&µ·¶1°½ ¯ ´/º3 »/²b¶&½&¹@{¦hicdS<lG ?! URT|¤
g% ÁWJD¿sÁL¹gDZe&fna;p¦S=t`=;Qd¤
@ WC% d7F ( kQtutuh WZa;{]hi_@hd[]yU,gyQ\% hd[+p/S1t<¤¼[;fuS1c;tuhifn\b[Qc ea;[;fuS1[+f¡·p]h;lS<y h;e1eS<lnlR
S<e}O]hi[]\blnRl`\§fuO OQ\bS1t}hit}e}OQ\be=hi_J]_bS
lnmolfnS=Rl1¤x¼[ ¯n®<ºu¶}¶ $ ´½¿® µG ¯#$½4°»]®3½O2|°#®i´»]¶¯n±iµ ´"x43½&µ·¶1°q½$#
¶&½d´B±i´x$ ] °g»/²b¶°¶´¦µ·±iµE®i´]¹;{]hic;S=l
U ? T  U  Q]¤>,ZÁ   /.glula|e1\bhifn\bad[¹L=;d]¤
@ WC% g;F z`¤@WZa|y|\b[¹@z`¤p%Ä\jlulnhdadkQ\C¹9hi[]y ¤-{]tn\b_5¤?b+o{/S1tu\bR
S=[+fuhi_e1adRT{]hitu\jla;[ aig[]h3o\bc;hifn\bad[ \b[h W¢hi_bad\jlq_jhfnfn\jeS
\^fnO ead[o;S1[+fn\bad[]hd_\b[|¨a;tnRhfu\^a;[ tuSfutn\bS1hi_ RTSfuOQa|yQl1¤ ] ´¦µ·¶1¯&´/±iµE®i´/±²&%|®72|¯&´/±²® '±´ H(±dº  ´/¶)¦µ2E$E¶½&¹
RQ 5 T98      ?  ¹¦=;dQ¤
@ W  d7F (Z¤¦W¢hi[+fuS1thi[¦yz`¤  \^_b_^S;¤­)®i¯&°T±i²@³9®´Lº}¶·»Lµ  ´L±² 43½j½+*,±µGQ¶1°T±iµEº}±²­)®72|´x$;±µE®´Q½&¤@Áo{]tn\b[QcdS=t=¹<d;Q¤
@ VÁ|iRF % ¤'V¢tuad[QShi[]y W
¤)Áo[QS1_^fn\b[Qc¦¤ D¿[ fnO]S\b[|¨S1tuS1[¦eS
aie1ad[|]c;kQt}hfn\bad[ lfntuk]efnkQtuS=lg¨tna;R la;kQt}eSe1a|y|Sd¤¼[- ¯n®H
º}¶}¶$7 ´>i½¿® "µGQ¶ /.µO ] ´¦µ·¶1¯&´/±iµE®i´/±²)³-®i´ ¶1¯n¶1´/º}¶¢®´0® }µ@±¯n¶21 ´7 ´L¶u¶1¯ ´>d¹d{¦hicdS<l;  T7Q]¤G} adRT{Qk|fuS1t
Áoa|e\bSfwms9tuS=lul1¹"% h3mÄ<dd]¤
@ x\b[]9TF ¿¤]x)\^[]yQ\^c¦¤ad[]e1S1{|fn¡Cp]h;lS<yGe1adRT{¦a;[QS1[+ftuSfutn\bS1hi_C¤K¼[ ] %/³ 
]4365-7 ®i¯3½#]®u» ®´%­®¯&°±²  »;»/¯n®<±dº Q¶½µ·®©µO]¶
g¶32o½1¶q® 8 ²^±i´Q½9 ¯n®<® u½ ±i´x$: ¯n®i¯n±i°q½&¹<d>T|¤
@ Áo[QS<RQF W
¤-Áo[QS1_^fn\b[Qc¦¤ a;[]eS={|fhd[]hi_bm|l\jl¿V #[QS1¥¨t}hiRTS1 adtu«Ä¨adtq{Qtna;cdt}hiR k][]y|S1t}lfuhi[¦y|\^[]c]¤  ³;< ]>=   
q®iµEº}¶½&¹]d 5  8^  <Q¹BdkQ_bm <dRQ]¤
<U
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)  	


	  
ISSN 0249-6399
